The tensile properties such as tensile strength which is measured as breaking force in Newton (N) and elongation percent (%) at break of single jersey and 1×1 rib (knitted with full needles) knitted fabrics made from 100% cotton and cotton/Lycra yarns (5% Lycra yarn content in 95% combed cotton yarn) are investigated in this research. The sample fabrics are conditioned for 24 hours at 20 ± 1 ∘ C temperature and 65 ± 2% relative humidity before testing. Ten specimens (five for lengthwise and five for widthwise) have been taken from each of the two knitted structures, those made from 100% cotton and cotton/Lycra (at 95/5 percent ratio blend) yarns. According to the discussion and as found from the investigations, the tensile properties of single jersey and 1×1 rib knitted fabrics made from 100% cotton and cotton/Lycra yarns are significantly different from each other and both of the knitted fabrics have high elongation percent at break with cotton/Lycra blend yarns as compared to 100% cotton yarn. Knitted fabrics made from cotton/Lycra blended yarn have low breaking force and high elongation percent at break relative to knitted fabrics made from 100% cotton yarns.
Introduction
Knitted fabrics are produced by intermeshing the yarns which can be made from natural, synthetic, or regenerated fibers. The raw material types and structures give different properties for the yarns used in knitting. The variation in yarn properties results in variation of knitted fabrics properties such as dimensional, mechanical, comfort, and appearance. Mechanical properties, particularly strength and elongation, are the most important performance properties of knitted fabrics which governs the fabric performance in use by causing a change of dimensions of strained knitted fabrics [1] [2] [3] . A change of dimensions of strained knitted fabric can be defined by increasing dimension in one direction as dimension in other directions is decreasing [4, 5] . In many cases, it is important to know how much the knit will deform in one or another direction. On the other hand it is known that, in various knitting structures, knitted fabrics are characterized in different extensibility (in a course and wale directions) and maximum force to rupture [6, 7] . Processes of deformation of knitted fabrics are described in concept of extensibility of knitted fabric and the deformation can be determined and influenced by different factors.
References [5, 8, 9] investigated the effect of knit structures and raw materials on plated knitted fabrics tensile properties and the results showed that the tensile strength and elongation at break of plated single jersey, plated rib 4 : 2, and plated purl knitted fabrics are different due to the variations in physical and chemical properties of cotton, silk, polyester, polyamide, viscose, bamboo, and their blends at different ratio and count. References [10, 11] reported that the mechanical property of knitted fabrics is the matter of yarn, fabric structure, and the knitting process and found that tensile property of jacquard weft knitted fabrics is different in birds eye, striped jacquard, and twill jacquard knit structures.
References [12, 13] experimentally investigated the parameters of colored double jacquard fabrics as the coefficient of stitch density, the stitch length, the surface density, and the extensibility of fabric. It has been established that extensibility 2 Journal of Engineering decreases by increasing of number of standing needles in a back needle bed (i.e., by increasing of floats). As reviewed in different research results, the tensile property of knitted fabrics has been investigated by different scholars in relation to yarn types, yarn structure, and knit structures. Concerning the raw materials, the scholars do not yet investigate the comparative effect of Lycra yarn on tensile strength and elongation of single jersey and 1×1 rib knitted fabrics. This research is designed to study the tensile properties of single jersey and 1×1 rib knitted fabrics made from 100% cotton and cotton/Lycra blend (95/5 in percentage) by conducting scientific tests and analysis.
Materials and Methods

Materials.
Cotton/Lycra blend and 100% cotton yarns are used for this study. The Lycra accounts for about 5% content (40 denier = 133 Ne) while cotton accounts for 95% content (35 Ne) in the resultant 28 Ne combed cotton/Lycra blended yarn (cotton/Lycra = 95/5%) and the Lycra is plied with the cotton yarn. Tensile properties of single jersey and 1×1 rib (knitted with full needles) knitted fabrics produced from these yarns are designed to be studied. These fabrics are produced from the cotton fibers (shown in Table 1 ) and cotton/Lycra blended yarns shown in shown in Table 2 .
Yarn specifications (see Table 2 ), knitting machine settings, and fabric parameters (see Table 3 ) are controlled constantly throughout the study.
Experiments.
Single jersey and 1×1 rib knitted fabrics are the raw materials (fabrics) for this study. These fabrics are produced on circular knitting machines with the machine parameters and fabric specifications shown in Table 3 . Tests for yarn and knitted fabrics properties are performed using the equipment shown in Table 4 .
Results and Discussion
Results.
Tensile properties of single jersey and 1×1 rib knitted fabrics made from 100% cotton and cotton/Lycra blended yarns are studied by performing proper laboratory tests. The experiments are done as directed in ASTM D5035-95, termed as Standard Test Method for Breaking Force and Elongation of Textile Fabrics (Strip Method) using MESDAN TENSO Tensile tester at 300 mm/min clamp speed, 75 mm gauge length (sample length), 5 kN load cell, and 0 N pretension [14, 15] . The results are recorded as per this standard and shown in Table 5 (for single jersey) and Table 6 (for 1×1 rib).
Discussion.
Tensile properties such as tensile strength and elongation percent at break of single jersey and 1×1 rib knitted fabrics made from 100% cotton and cotton/Lycra (95/5%) blended yarns test results are recorded in Tables 5  and 6 . The tensile strength is measured by the amount of maximum force required to break the fabrics in Newton while the elongation is the fabrics extension percent (%) until the fabric is broken.
The tensile strength of single jersey made from 100% cotton has the maximum breaking force between 211 N and 235 N with an average 220.8 N along the length of the fabric and between 149 N and 166 N with an average of 159 N Tables 6 and 7 ). The elongation percentage at break for the single jersey knitted fabric made from 100% cotton is found between 112.4% and 130.8% with an average 119.12% along the length of the fabric and between 131.2% and 139.4% with an average of 135.24% across the width of the fabric. The single jersey made from cotton/Lycra blended has the elongation percent at break between 213% and 228% with an average of 219.48% along the length and between 193% and 208.4% with an average of 198.28% across the width of fabric (see Tables 5 and  8 ). The elongation at break of 1×1 rib knitted fabric made from 100% cotton has between 45.6% and 57.2% with an average 51.8% along the length of the fabric and between 303.4% and 328.8% with an average of 314.36% across the width of the fabric. The 1×1 rib knitted fabric made from cotton/Lycra blended has the elongation at break (%) between 113.2% and 128.4% with an average of 121% along the length and between 588.4% and 658.8% with an average of 617.8% across the width of the fabric (see Tables 6 and 8) .
As shown in Table 7 and Figure 1 , the maximum force in Newton required to break the fabrics is different. Single jersey and 1×1 rib knitted fabrics made from 100% cotton have high breaking force as compared to fabrics made from cotton/Lycra blended yarns. After adding the Lycra yarn, the maximum breaking force in the lengthwise of the single jersey decreased as compared to its widthwise breaking force because of the high elongation percent in the lengthwise direction of the fabric. Single jersey knitted fabric has high extension characteristic in the lengthwise than its widthwise direction. Fabrics with high extension property needs low force to extend and its strength become decreased. Lengthwise breaking strength of 1×1 rib knitted fabrics is higher than single jersey's both lengthwise and widthwise breaking strength. But, the widthwise strength of 1×1 rib is lower than the single jersey's lengthwise and widthwise strengths (see Table 7 and Figure 1 ). When the breaking force (strength) of the single jersey and 1×1 rib knitted fabrics increases the elongation percent at break decreased. In this research it is found that tensile strength and elongation percent at break are inversely proportional (see Tables 7 and 8 , Figures 1 and 2) . The elongation at break of single jersey and 1×1 rib knitted fabrics made from 100% cotton is lower than the elongation of these fabrics made from cotton/Lycra (at 95/5% ratio) blended yarns.
The elongation percent of single jersey and 1×1 rib knitted fabrics increased both in the lengthwise and widthwise with the presence of 5% Lycra yarns in the fabric. But the elongation percent at break of 1×1 rib knitted fabric made from cotton/Lycra blended yarn is higher than single jersey in both the lengthwise and widthwise directions (see Table 8 and Figure 2) . The widthwise elongation percent at break of 1×1 rib knitted fabric is higher than its lengthwise elongation percent due to the higher widthwise extension characteristic of 1×1 rib knitted fabrics. It is known that rib knitted fabrics have high widthwise extension due to the high widthwise shrinkage property (see Table 11 ) of rib knitted fabrics.
The tensile strength of single jersey and 1×1 rib knitted fabrics made from 100% cotton and cotton/Lycra blended yarns is significantly different one from the other. The lengthwise and widthwise tensile strength of single jersey knitted fabric are significantly influenced by the Lycra yarns at = 412.250, Sig. = 0.000 and = 44.730, Sig. 0.000, respectively (see Table 9 ). The -value in the lengthwise direction is much higher than the widthwise direction because of the high tensile strength (breaking force in Newton) reduction in the presence of 5% Lycra in 95% combed cotton yarn along the length of single jersey knitted fabrics (see Table 7 ).
The lengthwise and widthwise tensile strength of 1×1 rib knitted fabric is significantly influenced by the Lycra yarns at = 108.173, Sig. = 0.000 and = 17.207, Sig. 0.000, respectively (see Table 9 ).
The breaking elongation percent (%) of single jersey and 1×1 rib knitted fabrics made from 100% cotton and cotton/Lycra blended yarns is significantly different one from the other. The lengthwise and widthwise breaking elongation of single jersey knitted fabric is significantly influenced by the Lycra yarns at = 602.515, Sig. = 0.000 and = 329.412, Sig. 0.000, respectively (see Table 10 ). The -value in the lengthwise direction is much higher than in the widthwise direction because of the high elongation percent difference between 100% cotton and cotton/Lycra (95% cotton) along the length of knitted fabrics. The lengthwise and widthwise elongation percent of 1×1 rib knitted fabric are significantly influenced by the Lycra yarns at = 453.813, Sig. = 0.000 and = 476.500, Sig. 0.000, respectively (see Table 10 ). The -value for the 1×1 rib across the widthwise is higher because of the higher difference between the elongation percent of 1×1 rib knitted fabric made from 100% cotton and cotton/Lycra (95% cotton) blended yarn. The widthwise elongation of 1×1 rib knitted fabrics increased as compared to its lengthwise elongation due to the presence of 5% Lycra in the 95% cotton yarn.
Conclusion
The tensile properties of single jersey and 1×1 rib knitted fabrics have been investigated in this research. The tensile strength which is measured as breaking force in Newton and elongation percent at break are the two tensile properties investigated in the lengthwise and widthwise direction of the single jersey and 1×1 rib knitted fabrics made from 100% cotton and cotton/Lycra blended yarns. The ratio of cotton to Lycra was 95% to 5%, respectively, and the presence of Lycra yarn in the combed cotton yarn significantly influences both the lengthwise and widthwise tensile strength and elongation percent of the two knitted fabrics. The single jersey's tensile strength reduced with the cotton/Lycra yarn along the length while its tensile strength is slightly increased across the width as compared to 100% cotton yarn. The elongation percent of single jersey increased more in the lengthwise than in the widthwise with the presence of 5% Lycra in 95% cotton yarn as compared to 100% cotton yarn. The 1×1 rib knitted fabric's tensile strength and elongation percent at break in the lengthwise and widthwise directions of the fabric increased with the cotton/Lycra blended yarn as compared to 100% cotton yarn. It is found that Lycra yarn may not improve the tensile properties of all types of knitted structures. Though the type of yarns used in these two fabrics significantly influences the strength and elongation, the type of structure has its own influence in order to withstand the applied force in the lengthwise and widthwise directions of the fabrics. The 1×1 rib knitted caused the big difference between lengthwise and widthwise in maximum breaking force or elongation at break due to the greater extension characteristic across the width of the rib knitted fabrics. Single jersey knitted fabrics are single sided fabrics and produced on one set of needles [16] . This leads single jersey to have low shrinkage and high curling tendency. The shrinkage is more with rib knitted fabrics across its widthwise directions than its lengthwise and single jersey.
During the investigation we found that tensile strength which is measured as a maximum braking force in Newton and elongation percent (%) at the break are inversely proportional. Higher breaking force is consumed for low elongation percent at the break and the reverse is also true. Knitted fabrics made from cotton/Lycra blended yarn have low breaking force and high elongation percent at break relative to knitted fabrics made from 100% cotton yarns.
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